I. Introduction
Legumes are excellent vegetable sources of proteins and oils. Moreover they are considered as organic fertilizers because of their ability to fix atmospheric nitrogen (Gonzales et al., 2005) . Legumes contribute 33% of the dietary protein nitrogen (N) needed for humans and they are also rich in fiber and energy (Vance et al., 2000; Graham and Vance, 2003) . In addition, forage legumes have been the base for dairy and meat production for centuries (Russelle, 2001 ). Many of these species produce multiple edible products, which provide subsistence farmers with a food supply throughout the growing season as well as dry seeds that are easy to store and transport (Fery, 2002) . Seeds are also known to be an important input for establishment of a cropping system. Seed vigor and viability are essential components influencing seedling establishment, crop growth, and productivity. Any factor that negatively affects vigor and viability during seed development will have adverse consequences for crop planting (Welch, 1999) . Unfavorable storage conditions can result in loss in germination at a rapid rate. Unfavorable storage conditions can also lead to insect infestations which result in contamination and loss of quality in the crop. Overall, the changes in the beans due to unsatisfactory storage conditions lead to a reduction in their commercial value (Hill, 1975; Yousif et al., 2002) . Seed moisture content, temperature and relative humidity of the storage are considered as essential parameters for good bean preservation (Yousif, et al., 2002) . Infested seeds are not fit for consumption and especially for planting. Therefore, maintenance of seed quality for the following years is one of the problems that face farmers (Mbaiguinam et al., 2006) . In previous study, it was found that cardboard and plywood had suitable thermal properties to be used in solar heater boxes in addition to their low cost. The use of such methods is promising for minimizing pests, but its effect on seed quality as planting materials is not known. Consequently, the present experiment was designed to evaluate the effect of temperatures in these two solar heater boxes on germination, moisture content and seedling characteristics of adzuki bean (V. angularis).
II. Materials And Methods

Effect of solar heater box treatments on seed quality of adzuki beans (V. angularis)
Effect of solar heater boxes on quality of adzuki bean seeds was determined. One kilogram of disinfested seeds were placed in Perspex tray in the middle of the cardboard and plywood solar heater boxes and exposed to the sun for 15, 30, 45, 60, 75, 90 , and 120 minutes, and untreated seeds were included as control.
Moisture content
After each treatment period, the seeds were mixed randomly and 20 gm seeds were sampled from each treatment and placed in 9 cm aluminum Petri dishes in an oven (103 C°) (Protech-Model FAC-50D) for 24 hours. Thereafter, seeds were placed in a desiccator for one hour for cooling, before recording the dry weight. Moisture content percent was calculated for each treatment according to the method of ISTA (2007).
Germination percentage
After each treatment period, the seeds were mixed randomly and thirty seeds from each treatment were spread on moistened filter paper in 15 cm glass Petri dishes and kept moist for one week. The experiment was conducted in a growth chamber. Number of germinated seeds was counted daily and percent germination was calculated.
III. Data Analysis
All experiments were conducted in a completely randomized design (CRD) with three replications. For the experiment on solar heater boxes, treatments were analyzed as a factorial (of two-factors). Percent seed abnormality data were transformed by Arcsine transformation and analyzed as a general linear model (GLM) to account for the missing values. Normal data was used for the other parameters and analysis of variance (ANOVA) procedure was used to analyze the data. The differences between means were determined using Duncan's multiple range test. Statistical Analysis Software (SAS) was used to analyze all data.
IV. Results And Discussion
Effect of solar heater box treatments on seed quality of adzuki beans (V. angularis)
Moisture content
The effect of cardboard and plywood solar heater boxes on moisture content of adzuki bean seeds upon exposure for different durations are presented in Figure 1 . The moisture content of seeds prior to exposure was 13.6 %. Exposure to solar heat for 15 minutes caused a 1.1% loss in moisture content for both solar heater boxes. When exposure was extended to 30 minutes the moisture loss was 1.2 and 1.1 % for plywood and cardboard solar heater boxes, respectively. A reduction of 1.5 % was recorded when seeds were exposed to solar heat for 45 minutes for both solar heater boxes. When the exposure time was extended to 60 minutes the loss in moisture content was 2.0 and 2.1 % for seeds treated in plywood and cardboard boxes, respectively. The effect of exposure time was highly significant (p<0.0001). Moreover, the interaction effect of the two factors, materials and exposure times, on moisture content was significant (p=0.01). Solar heater box treatments for up to 75 minutes raised the temperature between seed temperature to 72 °C in both solar heater boxes. The loss in seed moisture content at this exposure period was 2.1 and 2.2 % for seeds treated in plywood and cardboard solar heater boxes, respectively. Seeds exposed to 90 minutes, resulted in moisture content loss of 2.5 and 2.3 % for the respective boxes. Mekasha et al (2006) reported a moisture loss of 2.3 and 2.8 % in adzuki bean seed treated with solar heat for 75 and 90 minutes, respectively with an initial moisture content of 13.5%. The different results were due to the differences in temperatures obtained by the solar heater boxes in the two experiments. The loss was higher in Mekasha's experiment probably because of the higher temperature trapped in metal solar heater boxes compared to temperatures trapped by cardboard and plywood solar heater boxes in this study.
The results showed that moisture content was significantly (p<0.0001) influenced by both solar heater box treatments. It was observed that the minimum moisture content for seeds treated in cardboard solar heater boxes was 10.1% for a120 minute duration of exposure, where the temperature reached 73.9 °C. In plywood solar heater boxes, temperatures which increased to 74.3 °C with exposure time of 120 minutes decreased moisture content to 9.4%.The results showed that the exposure time increased temperature in seeds, but did not affect moisture content very much. Burg (2004) recommended seed moisture content for bean storage at between 9.5 and 11.5%. Therefore, in this study the decrease below the level of 13.6% suggests the beneficial effects of solar heater boxes in seed storage. According to Ntoukam et al (1997) sun-treated cowpeas averaged 13-15% seed moisture, and the solar process further reduced this moisture level, This effect on seed moisture level is considered as an advantage of solar heating for seed preservation. The use of cardboard solar heater boxes is therefore recommended as it did not reduce seed moisture content to less than 10%.
Germination percentage
The effects of cardboard and plywood solar heater boxes on percent seed germination of adzuki bean are presented in Figure 2 . Exposure to the sun for 15 minutes raised temperatures to 63.5 and 64.6 °C in cardboard and plywood solar heater boxes, respectively; but this did not affect seed viability as a high percentage of germination similar to untreated seeds were obtained. In addition, an extended exposure time of 30 minutes increased temperatures to 68.2 and 69.1 °C, resulted in germination percentages of 91.1 and 94.5 % in seeds from cardboard and plywood solar heater boxes, respectively. This response could also be due to the fact that slight heating of seeds for short exposure times might initiate germination of the seeds which otherwise would have not germinated (Mekasha, 2004) . Exposure to heat for 45 minutes decreased germination to 85.6 and 78.9% in seeds treated in plywood and cardboard solar heater boxes, respectively, compared to 96.7% for untreated seeds. Adzuki bean seeds exposed to solar heat for 60 minutes at 72.3 and 71.4 °C in plywood and cardboard solar heater boxes, respectively, showed a significant influence on seed viability. In contrast, Ntoukam et al (1997) reported that, solar heating up to 85 °C did not affect seedling viability of cowpea seeds. In a study by Chauhan and Ghaffar (2002) also showed that solarization in polyethylene bags resulting in high temperatures had no adverse effects on germination of pigeon pea seeds. This difference may be attributed to the higher sensitivity of adzuki bean
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Germination rate
Effect of cardboard and plywood solar heater boxes on rate of germination of adzuki bean seeds is depicted in Figure 3 . Exposure to heat for 15, 30 and 45 minutes resulted in high germination rates. The germination rate at 15 minutes of exposure was 13.5 and 13.9%, and at 30 minutes it was 13.2 and 13.8% for seeds treated in cardboard and plywood solar heater boxes respectively, compared to 14.3% in the control. When exposure to solar heat was extended for one hour, the temperatures increased to 71.4 and 72.3 °C in cardboard and plywood solar heater boxes, respectively, and the germination rate decreased to 5.3 and 6.9%. Adverse effects on germination rate occurred when the exposure time was extended to 75 and 90 minutes. The germination rates were 91.1% and 86.7% lower than untreated control in plywood and cardboard solar heater boxes, respectively. The decrease in germination rate of adzuki bean after 75 and 90 minutes exposure is due to the increase in temperatures of up to 72 °C with long durations of exposure, as the effect of temperature is a function of exposure time. Hartman et al (2002) reported that at high temperatures, germination rates are faster but above an optimum level where the rate is most rapid, a decline occurs as temperature approaches a lethal limit where the seed is injured. It was observed that germination rate decreased with increase in temperature. From the literature it was known that temperature is one of the major factors that influence seed viability. 
Seedling abnormality
The effect of plywood and cardboard solar heater boxes on seedling abnormality of adzuki bean is presented in Figure 4 . The results showed that the abnormality increased with increase in exposure time. Exposure to heat for 15 and 30 minutes resulted in 100% seed normality similar to the untreated check for both solar heater boxes. When the exposure time was extended to 45 and 60 minutes, the temperatures increased to 70.3 and 70.2 °C in cardboard and plywood solar heater boxes, respectively; but seedlings were normal and not significantly different from the untreated seeds.A significant impact on seedling abnormality occurred at 75 minutes of exposure and higher. When seeds were exposed to solar heater boxes for 120 minutes (2 h) the abnormality was raised to 100%. The effect of exposure time on seed abnormality was highly significant (ρ<0.0001). However, the effect of solar heater box materials was not significant. The interaction between the two factors, materials and exposure time, was not significant. Each factor was independent on its effects on seed abnormality. The results showed that cardboard and plywood solar heater boxes had no adverse impact on seed normality when exposure time of solar heat was extended up to one hour. In this study the significant abnormality at 75 minutes of exposure and higher was due to the effect of long exposure times at high temperatures on cell division and expansion of seedling structure. According to Khanna (2008) , the time of cell expansion varied greatly with temperature. Changes in temperature lead to declining cell division rates and expansion. When cells stop dividing, they stop usually at a point late in the phase known as restriction point.
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Root and shoot length
The effect of cardboard and plywood solar heater boxes on root lengths of adzuki bean seedlings are presented in Figure 5 . When seeds were exposed to solar heat for 15 and 30 minutes the root length of seeds treated in both solar heater boxes exceeded that of untreated seeds. Exposure to cardboard solar heater boxes for 15, 30 and 45 minutes increased temperatures to 63.5, 68.1,70.3 °C, respectively and this resulted in root lengths higher than in the untreated control. Seeds treated in plywood solar heater boxes for 15, 30, and 45 minutes had root lengths of 3.9, 3.6, and 3.1 cm which corresponded with temperatures of 64.6, 69.1, and 70.2 °C, respectively. These results were not significantly different from the untreated control. However, exposure for up to one hour in both solar heater boxes showed significant effects on root lengths of adzuki bean. The effect of exposure time on root length of adzuki bean was highly significant (p<0.0001). Moreover, the effect of solar heater box materials was also significant. The interaction effect of the two factors on root length was significant.Effects of cardboard and plywood solar heater boxes on shoot length of adzuki bean seedlings are presented in Figure 6 . It was clear that, exposure to heat for 15, 30 and 45 minutes did not significantly affect shoot length for both solar heater boxes.Exposure to solar heat for 15, 30, and 45 minutes of exposure increased temperatures inside cardboard solar heater boxes to more than 63 °C and resulted in shoot lengths that were not significantly different compared to shoot length in the control. Similar results were obtained in plywood solar heater boxes when seeds were exposed for 15, 30, 45, and 60 minutes of exposure with temperatures above 64 °C. The slight differences in shoot lengths between the two solar heater boxes was due to the slight differences in temperatures generated by the two solar heater boxes.
Figure 6. Effect of solar heater boxes on shoot length of adzuki beans
The effect of exposure time on shoot length was highly significant (p<0.0001). The effect of solar heater boxes was also significant. In addition, the interaction effect of two factors on shoot length was also significant. Shoot lengths were significantly affected when seeds were exposed to heat for one hour and above in the cardboard solar heater boxes. In plywood solar heater boxes however, significant effects on shoot lengths occurred when exposure was extended to 75 and 90 minutes. This was due to the differences in thermal diffusivity between the two solar heater boxes. Thermal diffusivity for cardboard is higher than that for plywood. This means that the spread of heat inside cardboard heater boxes is diffused faster than that inside plywood heater boxes where the heat needed more time to reach the seeds.
The greater extension in root and shoot lengths compared to the untreated seeds is due to the positive effect of temperature on cell division. Root growth is a function of cell elongation and cell division. According to Creber et al (1993) , positive relationships exist between temperature increments and the duration of cell cycles in root development. Tardieu and Granier (2000) observed that an increase in temperature markedly increased cell division rate in epidermis and mesophyll, but did not affect the spatial patterns.
Effect of constant heat on seed quality of adzuki bean V. angularis 4.2.1 Effect of constant heat at 40 °C on seed quality of adzuki been
The influence of heat treatment at 40 °C on moisture content, germination percentage, root and shoot length of adzuki bean seeds are presented in Table 1 . The percentage moisture content achieved with heat treatment at 40 °C was significantly (p<0.0001) lower than that in untreated seeds for all exposure durations. Percentage of moisture contents achieved with exposure to temperature at 40 °C for durations of 10 to 60 minutes were not significantly different. However, when exposure time was extended to 70 minutes, the moisture content was decreased significantly compared to moisture content achieved with other durations. This difference was due to the long exposure time of 70 minutes compared to other durations.
It can be observed that although the temperature of 40 °C affected moisture content, however, it did not decrease moisture content to less than acceptable levels recommended for safe seed storage. Burg (2004) recommended that the moisture content for bean storage is between 9.5 and 11.5%. The decrease in moisture content is one of the advantages of heat treatment for seed preservation. 40 °C did not have any significant effect on germination percentages of adzuki bean seeds for all duration of exposure compared to untreated seeds. High germination percentages were achieved with exposure to 40 °C for 10 to 70 minutes. Exposure to heat at 40 °C for 10 minutes achieved percent germination that was significantly different to the percent germination achieved with 70 minutes exposure where percent germination was reduced to 95.5%. It was observed that germination percentage achieved with 10 to 60 minutes of exposure, exceeded that of untreated seeds. As discussed before, the slight heating of seeds for short periods of exposure might have initiated germination. Temperature at 40 °C also did not show any significant effects on root length for the different durations of exposure. However, root lengths were observed to exceed that in untreated seeds. Root length obtained with minimum exposure times of 10 and 20 minutes, were respectively 118 and 97% higher than root lengths obtained in the control, while with the maximum exposure times of 60 and 70 minutes, the lengths of root were respectively 42.4 and 36.4% higher than that in the control. As previously noted, a positive relationship exists between temperature increments and the duration of cell cycles in root development of beans. It could be concluded that heat treatment at a temperature at 40 °C did not have any adverse effects on moisture content, germination, and root and shoot lengths of adzuki bean.
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Effect of constant heat at 50 °C on seed quality of adzuki been
The effect of constant heat at a temperature of 50 °C on moisture content, germination percentage, and root and shoot lengths of adzuki bean are presented in Table 2 . When seeds were subjected to 50 °C, moisture content was significantly (p<0.0001) affected at all durations of exposure. Seed moisture content decreased with increase in exposure time. No significant difference was observed in seed moisture content when seeds exposed for 10 to 40 minutes. When exposure time extended to 50 minutes, moisture content achieved is 11.7%. Results showed that exposed seeds to heat at temperature of 50 °C resulted in moisture contents that did not exceed the required level for seed preservation.
The germination of adzuki bean seeds was not significantly affected by varying the duration of exposure at 50 °C. Exposure to a temperature of 50 °C for 10, 20 and 30 minutes resulted in improved germination percentages over that in untreated seeds. In addition, further exposure to 40 and 50 minutes did not show significant effects on seed germination, although germination was found to decrease as time of exposure increased. Significant differences were observed between percent germination achieved at 10 minutes compared to 50 minutes of exposure. In addition, exposure to a temperature of 50 °C did not show any significant effect on root and shoot lengths of adzuki bean seedlings. Root length in treated seeds exceeded that in the control for all durations of exposure. Significant difference was observed between root length obtained with 10 minutes of exposure compared to seeds in the control. It was observed that temperature affected root length positively. Shoot length in seeds exposed for 10 minutes exceeded shoot lengths obtained in the control. However, shoot length was significantly affected when seeds were exposed to 50 °C for 50 minutes.
It could be concluded that heat treatment at 50 °C did not affect germination of adzuki bean seeds. Bhalla, et al (2008) subjected cowpea seeds to heat treatment at 50 °C for 10 to 60 minutes, and observed that seed germination was slightly affected. In the present study, however germination was not affect by exposure of seeds to 50 °C for 10 to 50 minutes. This difference can be attributed to differences in crop sensitivity between cowpea and adzuki bean.
2.3 Effect of constant heat at 60°C on seed quality of adzuki been
The effect of constant heat at a temperature of 60 °C on moisture content, germination, and root and shoot lengths of adzuki bean seeds are presented in Table 3 . Moisture content of adzuki bean for seeds treated with a temperature of 60 °C was significantly (p<0.0001) lower than that in untreated seeds for all durations of exposure. However, exposure to 60 °C temperature did not affect moisture content very much. No significant difference was observed between percentage of moisture content achieved between 10 and 30 minutes of exposure. Table 3 . Effect of constant heat at 60 °C on germination of adzuki bean Exposure to heat at a temperature of 60 °C for 10, 20, and 30 minutes resulted in germination percentages that were not significantly different compared to untreated seeds. Percentage germination decreased with increase in exposure time. Exposure to heat at 60 °C for 10 minutes resulted in lower germination percentage than in the control. An exposure time of 20 minutes resulted in 90.0% seed germination. It was observed that exposure time of 30 minutes at a high temperature of 60 °C resulted in low percent germination compared to the other two durations.
Exposure to heat at a temperature of 60 °C resulted in root lengths exceeding that of controls for all durations of exposure. Results showed significant differences between root lengths with 10 minutes of exposure and that in the control. Exposure to 60 °C temperature did not show any significant effect on shoot length of adzuki bean. It could be concluded that the high temperature of 60 °C did not affect root and shoot lengths adversely, especially during short periods of exposure, which resulted in positive effects on root and shoot lengths of adzuki bean.
Effect of constant heat at 70 °C on seed quality of adzuki been
The influence of a constant temperature at 70 °C on moisture content, germination percentage, and root and shoot length of adzuki bean seeds are presented in Table 4 . The results showed that moisture content was significantly (p<0.0001) affected at a temperature of 70 °C for all durations of exposure. Seed moisture content decreased with increase in exposure time. However, levels of seed moisture content achieved with 70 °C did not exceed the level of moisture content of seed storage. This result was also confirmed in the previous findings of the effect of solar heater boxes. The results also showed that, germination percentage decreased with increase in exposure time, and was significantly affected by exposure to heat at 70 °C. Exposure to temperatures of 70 °C for 10 minutes decreased germination to 81.1%, which was not significantly different with the germination percentage in the control; however, exposure for 20 and 30 minutes decreased germination to significant levels of 71.1% and 60.0% respectively compared to the germination in the untreated control.
Root lengths of adzuki bean were not affected by exposure to 70 °C. Root lengths obtained with the minimum exposure times of 10 minutes exceeded root lengths obtained in the control, while with exposure times of 20 minutes; the length of roots was similar to that in the control. No significant effects were observed on shoot length of adzuki bean when seeds were exposed to a temperature of 70 °C for all durations.It was observed that exposure to 70 °C for more than 10 minutes was not suitable as seed treatment as they caused significant detrimental effects on seed moisture content and germination of adzuki bean. It was observed that, a temperature of 50 °C did not affect germination of adzuki bean seeds. Murdock and Shade (1991) reported that exposure times and temperatures needed to disinfest cowpeas had no significant impact on seed germination percentages. They exposed seeds for one hour at a temperature of 57.3 °C (generated in an oven) and observed no significant adverse effects on germination of cowpea seeds. Lale and Ajayi (2001) also indicated that exposure to solar heat in metal tins of up to 57 °C for 7 hours had no adverse affects on the germinability of bambara groundnuts. In the present study, the adzuki bean seeds were exposed for a maximum duration of 2 hours with solar heater boxes, and for 70 minutes in an oven, and these did not affect their germinability adversely.
Hartman et al (2002) mentioned that above an optimum level of temperatures, germination may remain relatively constant, at least over the middle part of the temperature range, if sufficient time is allowed for germination to occur. In the present study the temperatures with particular exposure times initiated the germination of seeds. It was observed that exposure to heat at 40 and 50 °C elongate the root lengths of adzuki bean more than that in untreated seeds. As has been discussed before, this could be due to the positive effect of temperature on root length, and to the fact that slight heating for short periods of exposure initiate germination of seeds. The results also showed that at temperatures of 40 and 50 °C, germination percentages exceeded that in the control. Similar effects of temperature on germination were reported by Chauhan and Ghaffar (2002) who observed that germination of pigeon pea was 90% prior to treatment, but after heat treatment at 65 °C the germination was increased to 92 %.
The effects on germination of adzuki bean seeds receiving the treatment are additional considerations that encourage the acceptance of solar heater boxes by low resource farmers. The results of the present study showed that cardboard and plywood solar heater box treatments with variation in temperature do not have an enormous influence on germination characters of adzuki bean seeds, especially with less than one hour of exposure. In both solar heater boxes tested, the seed moisture content did not exceed the required level of moisture content for seed preservation. However, the use of cardboard solar heater boxes is preferable as it did not reduce seed moisture content to less than 10%. The results obtained in the constant heat experiments on seed quality of adzuki bean support the results obtained with cardboard and plywood solar heater boxes. Temperatures of 40 °C with 70 minutes exposure and 50 °C with 50 minutes exposure are recommended for effective seed treatment with minimum effect on seed quality.
